Distribution of Fos immunoreactivity in the rat brain after freezing or escape elicited by inhibition of glutamic acid decarboxylase or antagonism of GABA-A receptors in the inferior colliculus.
It has been shown that electrical stimulation of the central nucleus of the inferior colliculus (IC) at freezing or escape thresholds activates different neural circuits in the brain. Since electrical stimulation activates cell bodies and fibers of passage it is necessary to use chemical stimulation that activates only post-synaptic receptors. To examine this issue in more detail, we took advantage of the fact that GABAergic neurons exert tonic control over the neural substrates of aversion in the IC. Reduction of GABA transmission in this structure was performed with the use of semicarbazide - an inhibitor of the GABA synthesizing enzyme glutamic acid decarboxylase (GAD) - and the GABA-A receptor antagonist bicuculline. Depending on the dose employed local infusions of semicarbazide (6.0 microg/0.2 microl) or bicuculline (40 ng/0.2 microl) into this region caused freezing and escape, respectively. The results obtained showed that freezing behavior induced by semicarbazide was associated with an increase in Fos expression in the dorsomedial column of the PAG (dmPAG) only, while bicuculline-induced escape was related to widespread increase in Fos labeling, notably in the periaqueductal gray, hypothalamus nuclei, amygdaloid nuclei, the laterodorsal nucleus of thalamus (LD), the cuneiform nucleus (CnF) and the locus coeruleus (LC). Thus, the present data support the notion that freezing and escape behaviors induced by GABA blockade in the IC are neurally segregated: acquisition of aversive information of acoustic nature from the IC probably uses the dmPAG column as a relay station to higher brain centers whereas bicuculline-induced escape activates structures involved in both sensory processing and motor output of defensive behavior. These results support the existence of distinct neural circuits mediating the sensory and motor responses of the defense reaction. The extent of the brain activation during freezing appears to be limited to the anatomical connections of the dmPAG, whereas an overall activation of the limbic system predominates during escape behavior induced by IC stimulation.